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INFORMATION PROCESSING METHOD
AND INFORMATION PROCESSING SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s a continuation application of PCT International
Application No. PCT/JP2019/037776 filed on Sep. 26, 2019,
designating the United States of America, which 1s based on

and claims priority of Japanese Patent Application No.
2018-189778 filed on Oct. 5, 2018 and Japanese Patent

Application No. 2019-098794 filed on May 27, 2019. The

entire disclosures of the above-identified applications,
including the specifications, drawings and claims are incor-
porated herein by reference in their entirety.

BACKGROUND

1. Technical Field

The present disclosure relates to an information process-
ing method and an information processing system.

2. Description of the Related Art

There are remote operation systems 1n which operators at
remote locations indirectly operate driverless vehicles or
vehicles capable of autonomous running without being
operated by drivers, using wireless communication such as
a wireless local area network (LAN) or a mobile phone line.

In such a remote operation system, sensing results
obtained by observing the surroundings of a vehicle using
various sensors such as a millimeter-wave radar, a laser
radar, and a camera mounted 1n the vehicle are transmitted
from the vehicle (hereatter referred to as “operated vehicle™)
to an operator via a communication means. The operator
recognizes the state of the operated vehicle and the state of
the surroundings of the operated vehicle based on the
transmitted sensing results, determines how to control the
operated vehicle, and examines a method of controlling the
vehicle. The operator then transmits, to the operated vehicle,
a control signal relating to runming of the vehicle, thus
remotely controlling the operated vehicle.

For example, Japanese Unexamined Patent Application
Publication No. 2018-063615 (Patent Literature 1 (PTL 1))
discloses a method whereby, upon stop of running due to
anomaly, whether the presence/absence of an obstacle at the
stop position 1s recognizable 1s determined, and an operator
1s authorized to perform remote operation only 1n the case
where the presence/absence of an obstacle can be deter-
mined, thus reducing the remote operation load on the
operator.

SUMMARY

With the conventional technique disclosed in PTL 1, prior
to the operation of the operated vehicle by the operator, the
operated vehicle 1s monitored by the operator or a monaitor,
other than the operator, who does not perform the operation
(hereafter the operator and the monitor are also collectively
referred to as “monitor”). Given that when and where a
dangerous situation such as an accident occurs are unknown,
the monitor needs to monitor all scenes if possible, and thus
1s under a heavy monitoring load. It i1s therefore desirable to
reduce the monitoring load on the monitor. PTL 1 discloses
a method for reducing the load on the operator who remotely
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2

operates the vehicle, but does not disclose a method for
reducing the monitoring load on the monitor who remotely
monitors the vehicle.

The present disclosure has an object of providing an
information processing method that can reduce a monitoring
load on a monitor.

An 1information processing method according to an aspect
of the present disclosure 1s an information processing
method performed using a computer, including: obtaining
first vehicle information from a vehicle that 1s a monitoring
target of a monitor, the first vehicle information indicating at
leas one of a runming state and an external state of the
vehicle; determining a momtoring priority level of the
vehicle according to a degree of request for monitoring the
vehicle by the monitor, the degree being based on the first
vehicle information; generating presentation information for
monitoring the vehicle, based on the monitoring priority
level; and causing a presentation device to output the
presentation mformation.

An mformation processing system according to an aspect
of the present disclosure 1s an information processing system
including: an obtainer that obtains vehicle information from
a vehicle that 1s a monitoring target of a monitor, the vehicle

information indicating at least one of a running state and an
external state of the vehicle; a determiner that determines a
monitoring priority level of the vehicle according to a degree
of request for monitoring the vehicle by the monitor, the
degree being based on the vehicle information; and a pre-
sentation controller that generates presentation information
for monitoring the vehicle based on the monitoring priority
level, and causes a presentation device to output the pre-
sentation information.

A program according to an aspect of the present disclo-
sure causes a computer to execute the foregoing information
processing method.

These general and specific aspects may be implemented
using a system, a method, an integrated circuit, a computer
program, or a computer-readable recording medium such as
CD-ROM, or any combination of systems, integrated cir-
cuits, computer programs, and recording media.

An information processing method according to the pres-
ent disclosure can reduce a momtoring load on a monitor.

BRIEF DESCRIPTION OF DRAWINGS

These and other objects, advantages and features of the
disclosure will become apparent from the following descrip-
tion thereof taken in conjunction with the accompanying
drawings that illustrate a specific embodiment of the present
disclosure.

FIG. 1 1s a block diagram illustrating a structure of a
monitoring system according to an embodiment;

FIG. 2 1s a schematic view of an example of a monitoring,
room according to the embodiment;

FIG. 3 1s a block diagram illustrating a functional struc-
ture of a server device according to the embodiment;

FIG. 4 1s a diagram 1illustrating an example of a first table
stored 1n a travel DB according to the embodiment;

FIG. 5 1s a diagram 1illustrating an example of a second
table stored 1n the travel DB according to the embodiment;

FIG. 6 1s an explanatory diagram illustrating a first
example of presentation information according to the
embodiment;

FIG. 7 1s an explanatory diagram illustrating a second
example of presentation information according to the
embodiment;
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FIG. 8 1s an explanatory diagram illustrating a third
example of presentation information according to the

embodiment;

FIG. 9 1s an explanatory diagram illustrating a fourth
example of presentation information according to the
embodiment;

FIG. 10 1s an explanatory diagram illustrating a fifth
example ol presentation information according to the
embodiment;

FIG. 11 1s an explanatory diagram illustrating a sixth
example of presentation information according to the
embodiment;

FI1G. 12 1s a sequence diagram 1llustrating a process by the
monitoring system according to the embodiment;

FIG. 13 1s a flowchart 1llustrating a process by a recom-
mender according to the embodiment;

FIG. 14A 1s a flowchart illustrating an example of a
process by the recommender according to the embodiment
in the case where at least part of vehicle information of a
vehicle cannot be obtained:

FIG. 14B 1s a flowchart 1llustrating another example of a
process by the recommender according to the embodiment
in the case where at least part of vehicle information of a
vehicle cannot be obtained;

FIG. 15 1s a flowchart illustrating a process by a moni-
toring controller according to the embodiment; and

FIG. 16 1s a sequence diagram 1llustrating a process by a
monitoring system according to a variation of the embodi-
ment.

DETAILED DESCRIPTION OF TH.
EMBODIMENT

L1

An mformation processing method according to an aspect
of the present disclosure 1s an information processing
method performed using a computer, including: obtaining,
first vehicle information from a vehicle that 1s a monitoring
target ol a monitor, the first vehicle information indicating at
least one of a running state and an external state of the
vehicle; determining a monitoring priority level of the
vehicle according to a degree of request for monitoring the
vehicle by the monitor, the degree being based on the first
vehicle information; generating presentation information for
monitoring the vehicle, based on the monitoring priority
level; and causing a presentation device to output the
presentation information.

Thus, a monitor can determine whether the vehicle 1is
requested to be momtored, by checking the presentation
information output by the presentation device. That 1s, the
monitor can determine whether the vehicle 1s requested to be
monitored, without constantly momtoring the vehicle and
without analyzing the situation of the vehicle 1n detail. The
running state or external state of the vehicle influences safe
running ol the vehicle. As a result of the presentation
information being presented based on the monitoring prior-
ity level according to the degree of request for monitoring
the running state or the external state, the monitor can
consult the presentation information for monitoring. Thus,
the information processing method according to an aspect of
the present disclosure can reduce the monitoring load on the
monitor. Specifically, the information processing method
according to an aspect of the present disclosure can reduce
the load of monitoring all images and the load of determin-
ing the request for monitoring the vehicle.

The information processing method may further include:
determining the degree for the vehicle based on the first
vehicle information, wherein the determining of the moni-
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4

toring priority level includes determining the monitoring
priority level of the vehicle according to the degree deter-
mined.

Thus, since the first vehicle information 1s obtained 1n a
device that executes the information processing method
according to an aspect of the present disclosure, as a result
of the device determining the degree, the process of deter-
mining the monitoring priority level can be integrated to
improve processing efliciency.

The determining of the monitoring priority level may
include determining the monitoring priority level based on
the degree and a weight that correspond to each of a plurality
of items of situation information, the plurality of items of
situation information each indicating a situation of the
vehicle based on the first vehicle information.

Thus, the presentation information 1s generated based on
the weight corresponding to each of the plurality of 1tems of
situation mnformation. For example, in the case where the
weight 1s a value corresponding to risk such as an accident,
the presentation information 1s mformation that takes into
account risk. That 1s, by checking the presentation informa-
tion that takes into account risk, the monitor can determine
the monitoring target vehicle according to the degree of risk.
The monitoring load on the monitor can thus be further
reduced.

The plurality of items of situation information may
include first situation information and second situation infor-
mation diflerent from the first situation information, and the
information processing method may include: determining a
weight corresponding to the first situation information,
according to at least one of the second situation information
and the first vehicle information.

Thus, the weight of the first situation information can be
changed according to other information (at least one of the
second situation information and the first vehicle informa-
tion). Since the situation of the vehicle and the surroundings
of the vehicle changes with time, by appropriately deter-
mining the weight of the first situation information accord-
ing to the current situation, the presentation information can
be made to correspond to the current situation of the vehicle
and the surroundings of the vehicle. Hence, the accuracy of
determination by the monitor can be improved while reduc-
ing the monitoring load on the monitor.

The presentation information may include information
indicating a contribution of at least one of the plurality of
items of situation mnformation to determination of the moni-
toring priority level.

Thus, by presenting the contribution to the monitor, the
reason for determining specific monitoring work for the
vehicle can be informed to the monitor. For example, by
knowing that the contribution of “sudden start” 1s high from
the presentation information, the monitor can determine that
monitoring 1s requested to be performed with focus on any
obstacle ahead in the traveling direction of the vehicle,
vehicle speed, and the like. Consequently, the monitor can
promptly recognize specific momtoring work, and therefore
can perform accurate and prompt monitoring with reduced
monitoring load.

The mformation processing method may further include:
determining the degree based on position information of the
vehicle included in the first vehicle information and a travel
plan including a moving route of the vehicle.

Thus, the position mnformation and travel plan of the
vehicle are further used to generate the presentation infor-
mation. That 1s, the monitor can know whether monitoring
1s requested, without analyzing the gap between the travel
situation and the travel plan from the current position of the
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vehicle. The monitoring load on the monitor can therefore be
reduced 1n terms of travel management, too.

The obtaiming may include obtaining the first vehicle
information from each of a plurality of the vehicles, and the
presentation mformation may be information for monitoring,
a vehicle specified according to respective momitoring pri-
ority levels of the plurality of the vehicles.

Thus, the monitor can know which of the plurality of
vehicles 1s requested to be monitored, by checking the
presentation mformation output by the presentation device.
That 1s, the monitor can know which vehicle 1s requested to
be monitored, without constantly monitoring all of the
plurality of vehicles and without analyzing the situations of
all of the plurality of vehicles 1n detail. Hence, 1n the case
where there are a plurality of monitoring target vehicles, the
monitoring load on the monitor can be effectively reduced.
Since the monitor can be aided 1n monitoring a plurality of
vehicles, a plurality of vehicles can be monitored by fewer
persons than the vehicles.

The presentation information may include information for
monitoring a vehicle having a highest monitoring priority
level or a monitoring priority level higher than a threshold
from among the plurality of the vehicles.

Thus, the presentation device presents the information for
monitoring the vehicle that 1s requested to be preferentially
monitored by the monitor. For example, in the case where
the presentation device 1s a display device and the presen-
tation information includes an 1mage captured by a vehicle,
an 1mage of the vehicle that 1s requested to be monitored by
the monitor 1s displayed from among 1images captured by the
plurality of vehicles. An image displayed by the display
device may be switched to an 1mage of the vehicle that 1s
requested to be monitored by the monitor. Since the monitor
need not determine the vehicle that 1s requested to be
preferentially monitored, the monitoring load on the monitor
cau be further reduced.

The presentation information may include information for
presenting first information for monitoring the vehicle speci-
fied according to a monitoring priority level thereof from
among the plurality of the vehicles with more emphasis than
second 1nformation for monitoring a vehicle other than the
vehicle specified.

Thus, even 1n the case where presentation information of
the plurality of vehicles are presented by the presentation
device, the momitor can recognize a vehicle that requires
attention from among the plurality of vehicles. For example,
in the case where the presentation information ncludes an
image of a vehicle, when displaying images of the plurality
of vehicles, the image size 1s changed between the vehicle
that requires attention and the other vehicles, so that the
monitor can visually recognize the vehicle that requires
attention. Thus, even in the case where the presentation
information a the plurality of vehicles are presented by the
presentation device, the monitoring load on the monitor can
be reduced.

The presentation information may include information for
presenting respective 1items of information for monitoring a
plurality of vehicles specified, 1n order of respective moni-
toring priority levels of the plurality of vehicles specified.

Thus, even 1n the case where presentation information of
the plurality of vehicles are presented by the presentation
device, the momitor can recognize a vehicle that requires
attention from among the plurality of vehicles. For example,
in the case where the presentation information includes
identification information, by presenting the identification
numbers in order of monitoring priority levels, the monitor
can recognize the vehicle that requires attention. Thus, even
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6

in the case where the presentation information of the plu-
rality of vehicles are presented by the presentation device,
the monitoring load on the monitor can be reduced.

The presentation information may include information for
presenting information indicating the vehicle specified and a
monitoring priority level of the vehicle specified 1n associa-
tion with each other.

Thus, the monitor can recogmize the respective monitor-
ing priority levels of the plurality of vehicles from the
presentation information, and determine which vehicle 1s
requested to be preferentially monitored.

The presentation information may include an 1mage cap-
tured by the vehicle specified or an 1mage showing the
vehicle specified.

Thus, the monitor can not only recognize a vehicle that 1s
requested to be momitored, but also recognize the situation
of the vehicle. This allows the monitor to promptly shift to
monitoring work, while reducing the monitoring load.

The mformation processing method may further include:
determining, when at least part of the first vehicle informa-
tion 1s not obtained, the degree according to an influence of
not obtaining the at least part of the first vehicle information
on determination of the monitoring priority level.

Thus, even 1n the case where at least part of the first
vehicle information cannot be obtained, an appropnate
monitoring priority level can be determined. For example, in
the case where first vehicle information having greater
influence on the monitoring priority level than other first
vehicle information cannot be obtained, the monitoring
priority level decreases 1 a period during which such first
vehicle information 1s not obtained. In this case, presentation
information 1s not generated based on a monitoring priority
level that reflects the actual situation, and inaccurate pre-
sentation information 1s presented. This 1s likely to cause the
monitor to mistake a vehicle that 1s requested to be prefer-
entially monitored. With the foregoing method, however,
even 1n the case where part of the first vehicle information
1s not obtained, an appropriate monitoring priority level can
be determined. This prevents the monitor from wrongly
determining a monitoring target as a result of at least part of
the first vehicle information not being obtained. The monitor
may be presented with information that part of the first
vehicle information 1s not obtained, via the presentation
device.

The determining of the degree may include determining,
when the at least part of the first vehicle information 1s not
obtained, the degree according to the influence of not
obtaining the at least part of the first vehicle information on
the determination of the monitoring priority level, based on
second vehicle information that 1s obtained earlier than the
first vehicle information and includes the at least part.

Thus, even 1n the case where at least part of the first
vehicle information cannot be obtained, the monitoring
priority level can be determined using the second vehicle
information which is past information and the influence on
the determination of the monitoring priority level. That 1s, by
complementing the unobtained first vehicle information
based on the past information, 1t 1s possible to determine a
monitoring priority level that reflects the actual situation
more than a monitoring priority level based on the first
vehicle mformation part of which cannot be obtained. This
further prevents the monitor from wrongly determining a
monitoring target as a result of at least part of the first
vehicle information not being obtained.

The determining of the degree may include determining
the degree according to the influence, based on an elapsed
time from obtainment of the second vehicle mformation.
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Thus, the monitoring priority level that takes imto account
the time during which at least part of the first vehicle

information cannot be obtained 1s determined. I the period
during which the first vehicle information 1s not obtained 1s
longer, the gap between the second vehicle information
obtained in the past and the current vehicle situation 1is
greater, as a result of which the accuracy of the comple-
mented first vehicle information, 1.e. the monitoring priority
level, decreases. With the foregoing method, however, the
monitoring priority level that takes into account the period
1s determined, so that an increase of wrong determination of
a momitoring target by the monitor due to lengthening of the
period during which at least part of the first vehicle infor-
mation cannot be obtained can be suppressed.

The obtaiming may include obtaining the first vehicle
information through communication with the vehicle, and
the information processing method may further include:
controlling communication traflic of the communication
according to the momitoring priority level.

Thus, communication with the vehicle can be optimized
according to the monitoring priority level. For example, the
communication tratlic, communication count, communica-
tion frequency, communication time, etc. with a vehicle
having a low degree of request for monitoring can be
reduced. Thus, the monitoring load on the monitor can be
reduced while controlling use of network bandwidth for
communication with the vehicle depending on the degree of
request for monitoring.

An information processing system according to an aspect
of the present disclosure 1s an information processing system
including: an obtainer that obtains vehicle information from
a vehicle that 1s a monitoring target ol a monitor, the vehicle
information indicating at least one of a running state and an
external state of the vehicle a determiner that determines a
monitoring priority level of the vehicle according to a degree
ol request for monitoring the vehicle by the monitor, the
degree being based on the vehicle information; and a pre-
sentation controller that generates presentation information
for monitoring the vehicle based on the monitoring priority
level, and causes a presentation device to output the pre-
sentation nformation.

This information processing system has the same eflects
as the foregoing information processing method.

These general and specific aspects may be implemented
using a system, an apparatus, an integrated circuit, a com-
puter program, or a computer-readable recording medium
such as CD-ROM, or any combination of systems, appara-
tuses, integrated circuits, computer programs, and recording,
media.

An embodiment will be described in detail below, with
reference to the drawings.

The embodiment described below shows a general and
specific example. The numerical values, shapes, materials,
structural elements, the arrangement and connection of the
structural elements steps, the order of steps, etc. shown 1n
the following embodiments are mere examples, and do not
limit the scope of the present disclosure. Of the structural
elements in the embodiments described below, the structural
clement not recited 1n any one of the independent claims
representing the broadest concepts are described as optional
structural elements.

EMBODIMENT

An information processing method, etc. according to this
embodiment will be described below, with reference to

FIGS. 1 to 15.
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A remote monitoring system (hereafter also simply
referred to as “monitoring system’) obtains a sensing result

from a monitored vehicle via a communication means, and
notifies the sensing result to a monitor. The monitor recog-
nizes the state of the monitored vehicle and the state of the
surroundings of the momtored vehicle based on the notified
sensing result, and determines whether intervention of an
operator 1s requested for the monitored vehicle. The monitor
may examine an appropriate intervention method, including
a method whereby the operator indirectly controls the moni-
tored vehicle. In the case where the monitor determines that
autonomous running of the monitored vehicle 1s diflicult, the
monitor requests the operator to perform remote operation.
The operator transmits a control signal relating to vehicle
running to the monitored vehicle (i1.e. operated vehicle), to
remotely control the monitored vehicle. In the case where
the operator 1s the monitor, the operator may directly shift
from monitoring to operation.

Structure ol Monitoring System

A monitoring system including a server device that
executes the information processing method according to
this embodiment will be described below, with reference to
FIGS. 1 to 11.

FIG. 1 1s a block diagram illustrating a structure of
monitoring system 1 according to the embodiment. FIG. 2 1s
a schematic view of an example of a monitoring room
according to this embodiment.

Monitoring system 1 illustrated in FIG. 1 1s an informa-
tion processing system for monitoring vehicles M1, M2, . .
., and MN any of which can be an operated vehicle. Vehicles
M1, M2, . . ., and MN are herealter also referred to as
“vehicles M1, etc.” The monitoring room 1illustrated in FIG.
2 1s a room for monitoring vehicles M1, etc. by a monaitor.
In the monitoring room, information obtained from vehicles
M1, etc. and information for monitoring vehicles M1, etc.
are presented to the monitor, to enable the monitor to
perform an operation for monitoring. In addition to the
operation for monitoring by the monitor, an operation for
remotely operating the operated vehicle may be performed.
The monitor may be an operator who operates the operated
vehicle, or a person other than the operator. Although an
example 1n which monitoring system 1 1s an information
processing system that monitors the plurality of vehicles
M1, etc. 1s described here, the number of vehicles monitored
by monitoring system 1 1s not limited. For example, moni-
toring system 1 may be an information processing system
that monitors one vehicle.

As 1llustrated in FIG. 1, monitoring system 1 includes
server device 10, mput device 20, and display device 30.

Server device 10 1s a processing device that performs
determination relating to monitoring by the monitor. Spe-
cifically, server device 10 performs monitoring-related
determination, by information processing by a computer
using put to input device 20 and vehicle information
obtained from vehicles M1, etc. The present disclosure has
a feature that server device 10 determines, for each of
vehicles M1, etc., a monitoring priority level indicating the
degree of priority of monitoring using vehicle information
obtained from the vehicle, and generates and outputs pre-
sentation information for monitoring the vehicle based on
the monitoring priority level. This will be described 1n detail
later.

Server device 10 1s installed 1n a site communicably
connectable to network N, and the physical position of
server device 10 1s not limited. For example, installing
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server device 10 1n or near the monitoring room 1s advan-
tageous for fast communication with mput device 20 and
display device 30.

Input device 20 1s an input device that receives mput of
operation by the monitor. Input device 20 may be a key-
board, a mouse, a touch panel, etc. connected to server
device 10, or may be buttons operable by press, touch, etc.
Input device 20 provides information relating to the put
operation to server device 10. Input device 20 1s nstalled 1n
the monitoring room. In the case where server device 10 1s
in a remote location, mput device 20 and server device 10
may be connected via a network.

Display device 30 1s a device that obtains the presentation
information from server device 10 and outputs the presen-
tation imformation as an 1image. The image includes photo-
graphs, illustrations, text, etc. Display device 30 1s, for
example, a liqmd crystal display. The image output by
display device 30 1s visually recognized by the monitor, and
used when determining, for example, whether the monitor 1s
to monitor a vehicle, which vehicle 1s to be monitored by the
monitor, and/or how to monitor the vehicle. Display device
30 1s an example of a presentation device. Monitoring
system 1 may 1nclude a sound output device as a presenta-
tion device, 1 addition to or instead of display device 30.
Monitoring system 1 may include, as a presentation device,
a device that displays presentation information on an object
(e.g. a screen), such as a projector. Display device 30 1s
installed in the monitoring room. In the case where server
device 10 1s m a remote location, display device 30 and
server device 10 may be connected via a network.

Vehicle M1 1s a vehicle with or without any occupant, and
1s, Tor example, an automatic driving vehicle. Vehicle M1 1s
a vehicle that can be subjected to monitoring by the monaitor.
Vehicle M1 1s present in an external space other than the
monitoring room. For example, vehicle M1 1s present on a
road or 1n a parking space.

Vehicle M1 includes a communication interface. Vehicle
M1 1s connected to network N through communication, and
communicably connected to server device 10 via network N.
Vehicle M1 includes one or more cameras that image the
surroundings of vehicle M1, and a plurality of sensors that
detect the speed, acceleration, jerk, steering angle, remain-
ing fuel amount, direction indicator activation state, ABS
(anti-lock braking system) or AEB (automatic emergency
braking) activation state of vehicle M1, the presence/ab-
sence, number, and type of any object in the surroundings of
vehicle M1, and the distance, speed difference, and accel-
cration difference of vehicle M1 from the surrounding
object. Vehicle M1 transmits imnformation including image
data generated as a result of 1imaging by the one or more
cameras and sensing data such as the speed of vehicle M1
and the presence/absence of the surrounding object obtained
by the plurality of sensors, to server device 10 via the
communication interface and network N. This information
transmitted by vehicle M1 1s also referred to as “vehicle
information”. The foregoing various information transmitted
as the vehicle information are also referred to as “vehicle
information types”. That 1s, the vehicle information per se
may be of a plurality of types. Vehicle M1 can be subjected
to acceleration/deceleration control, steering angle control,
and the like by the monitor via network N, according to
need. Such control by the monitor 1s also referred to as
“remote operation”.

The vehicle information may further include life/death
information indicating whether the plurality of sensors are 1n
operation, error information such as imformation about sys-
tem errors of vehicle M1, call information for calling the
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monitor from an occupant of vehicle M1, and the like. In the
case where vehicle M1 stores map information, the vehicle
information may further include legal speed at the position
where vehicle M1 1s running, imformation indicating the
positional relationship of vehicle M1 with traflic lanes,
and/or information relating to a moving route set by vehicle
M1.

In the vehicle information, the information of the speed,
etc. of vehicle M1, the error information, the call informa-
tion, the legal speed, the information indicating the posi-
tional relationship with tratlic lanes, the moving route, and
the like are an example of information imndicating a runming
state of vehicle M1, and the information of the presence/
absence of the surrounding object and the like are an
example of information indicating a state outside vehicle
M1. The vehicle information includes information indicat-
ing at least one of the running state and external state of
vehicle M1.

Vehicles M2 to MN are each the same vehicle as vehicle
M1, and each move independently of vehicle M1. Vehicles
M2 to MN each transmit 1mage data and sensing data
generated by 1ts device to server device 10, 1n the same way
as vehicle M1.

Network N 1s a communication network to which each of
server device 10 and vehicles M1, etc. 1s connected. A
non-limiting example of a communication standard or com-
munication scheme of network N 1s a wide area communi-
cation network using a mobile phone network, a satellite
communication network, or WiFi1. Connection with vehicles
M1, etc. 1s wireless.

Input device 20 and display device 30 are located in the
monitoring room. Input device 20 and display device 30 are
located so that the momitor can easily perform imput and
visual recognition. For example, input device 20 and display
device 30 are located on a desk 1n front of a chair on which
the monitor sits. Display device 31 that displays images of
image data obtained by vehicles M1, etc., a map indicating
the positions of vehicles M1, etc. and the like 1s located so
as to be wvisible from the entire monitoring room. For
example, display device 31 displays images based on 1image
data obtained from all of vehicles M1, M2, . .., and MN any
of which can be an operated vehicle. For example, display
device 31 i1s connected to server device 10, and displays
images for all vehicles transmitted from server device 10.
The displayed images are visually recognized by the moni-
tor.

The number of monitors may be two or more. The number
of monitors may h smaller than the number of vehicles M1,
etc. The monitor 1s expected to select and monitor only a
vehicle (or vehicles) determined to be requested to be
monitored without monitoring the other vehicles, rather than
constantly monitoring all vehicles M1, etc. This has the
advantage that the number of personnel necessary for moni-
toring can be reduced and the monitor can concentrate on
monitoring the vehicle that 1s requested to be monitored. A
vehicle 1s determined to be requested to be monitored, for
example, 1 the case where the vehicle 1s in a dangerous
position, 1n the case where the vehicle 1s in a dangerous
state, 1n the case where the vehicle 1s approaching a dan-
gerous position, or 1n the case where the vehicle 1s predicted
to be 1n a dangerous state. The number of monitors may be
one, or the same as the number of vehicles M1, etc.

The monitor visually recognizes images presented by
display device 30, and determines which of vehicles M1, etc.
1s to be monitored and how to monitor the vehicle. The
monitor mputs a vehicle as a monitoring target or monitoring,
method to server device 10 via input device 20. For example,
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display device 30 presents an 1mage of a vehicle that 1s a
monitoring target of the monitor from among vehicles M1,
M2, ..., and MN any of which can be an operated vehicle,

an 1mage for selecting a vehicle to be monitored, and the
like.

A process by which server device 10 generates informa-
tion for recommending the monitor as to which vehicle 1s
subjected to monitoring (i.e. monitoring target) will be
described in detail below. In this case, the monitor deter-
mines which vehicle 1s to be monitored, based on informa-
tion presented by display device 30. If the monitoring target
recommended by server device 10 1s appropriate, the load of
work of the monitor for searching for a monitoring target
from among vehicles M1, etc. can be reduced.

FIG. 3 1s a block diagram illustrating a functional struc-
ture of server device 10 according to this embodiment.

As 1llustrated 1in FIG. 3 server device 10 includes com-
municator 11, vehicle manager 12, travel database (DB) 13,
travel manager 14, recommender 15, receiver 16, monitor-
ing controller 17, and video manager 18.

Communicator 11 1s a communication interface that 1s
connected to network N and communicable connected to
vehicles M1, etc. via network N. Communicator 11 obtains
vehicle information from vehicles M1, etc. Communicator
11 1s an example of an obtainer.

Vehicle manager 12 1s a processing unit that manages
vehicles M1, etc. Vehicle manager 12 obtains the vehicle
information transmitted by vehicles M1, etc., and manages
the position, speed, running state, and the like of each of
vehicles M1, etc. based on the obtained vehicle information.

Travel DB 13 1s a database that stores information for
travel of each of vehicles M1, etc. Travel DB 13 holds
information of a map and a travel plan, as the information for
travel of each of vehicles M1, etc. The travel plan includes
information indicating a moving route by which the vehicle
1s scheduled to run, and information 1ndicating a position at
which the vehicle 1s scheduled to be present on the route at
cach point in time during running. Travel DB 13 also stores
a table 1n which a plurality of items of situation information
of each of vehicles M1, etc. based on vehicle information are
cach associated with a degree of request for monitoring the
vehicle by the momitor in the situation of the situation
information. Travel DB 13 may further store a table for, 1n
the case where at least part of vehicle mnformation 1s not
obtained, complementing the degree of request for monitor-
ing corresponding to the at least part.

Each type of table stored 1n travel DB 13 will be described
below, with reference to FIGS. 4 and 5. Travel DB 13 stores
at least priority level table T1 out of prionty level table T1
and complementary value table 12 described below.

FIG. 4 1s a diagram 1illustrating an example of priority
level table T1 stored in travel DB 13 according to this
embodiment.

As 1llustrated 1n FIG. 4, priornity level table T1 1s a table
associating priority levels and 1tems of situation information
of a vehicle with each other. In priority level table T1, a
plurality of items of situation information of the vehicle are
set, and a prionity level 1s set for each item of situation
information of the vehicle.

Herein, each priority level 1s a numeric value according to
the degree of request for monitoring the vehicle by the
monitor. For example, a higher numeric value indicates a
higher degree of request for monitoring by the monitor. That
1s, the priority level 1s a numeric value according to the
degree to which running by automatic driving 1s hindered,

and indicates the magnitude of risk associated with auto-
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matic driving or associated with continuing automatic driv-
ing. The priority level 1s a numeric value based on first
vehicle information.

Each item of situation information of the vehicle may be
information indicating a situation of the vehicle based on the
vehicle information. For example, “occurrence of accident
of own vehicle” 1s information indicating a situation of the
vehicle determined based on the running state, image, accel-
eration, and the like. In the case where the vehicle and an
object around the vehicle are 1n contact with each other 1n an
image, for example, “occurrence of accident of own vehicle”
1s detected. For example, “sudden start” 1s information
indicating a situation of the vehicle determined based on the
image, acceleration, and the like. In the case where the
acceleration 1n a predetermined period when the vehicle
starts to move from a stopped state 1s higher than or equal
to a predetermined value, for example, “sudden start” 1s
detected.

Each item of situation information of the vehicle may be
information based not only on the vehicle information but
also the travel plan including the moving route of the
vehicle. For example, “time schedule slippage” 1s informa-
tion indicating a situation of the vehicle determined based on
the position information of the vehicle included in the
vehicle information, the travel plan, and the like. In the case
where the current position of the vehicle 1s at least a
predetermined distance away from the current scheduled
position of the vehicle included in the travel plan, for
example, “time schedule slippage” 1s detected. For example,
“railroad crossing” 1s information indicating a situation of
the vehicle determined based on the position information of
the vehicle included in the vehicle information, the map
information, and the like. In the case where the current
position of the vehicle 1s within a predetermined range from
a railroad crossing, or example, “railroad crossing” 1is

detected. Detection of situation information 1s performed by
recommender 135.

Each item of situation information of the vehicle may be
information based on the monitoring information. For
example, “not monitored for long time” 1s information
indicating a situation of the vehicle determined based on the
monitoring time and the like included in the monitoring
information. In the case where the elapsed time from when
the monitoring of the vehicle ends or when the vehicle 1s set
as a monitoring candidate 1s greater than or equal to a
threshold, for example, “not monitored for long time” 1s
detected. Alternatively, “risk that occurs as a result of not
being monitored for long time” may be situation information
of the vehicle. For example, the risk 1s detected depending
on the elapsed time from when the monitoring of the vehicle
ends or when the vehicle 1s set as a monitoring candidate. A
plurality of thresholds and a plurality of risks may be used.

In FIG. 4, the five 1tems of situation imnformation (here-
after also referred to as “danger information™) from “occur-
rence of accident of own vehicle” to “time schedule slip-
page” are information indicating that the vehicle 1s 1n a
dangerous situation, and the two 1tems of situation informa-
tion (hereafter also referred to as “caution information™)
from “railroad crossing™ to “occurrence of trailic congestion
caused by own vehicle” are information indicating that the
vehicle 1s likely to be 1n a dangerous situation in the future.
The caution nformation indicates a situation in which
running by automatic driving 1s possible as there 1s no
problem in vehicle running. The foregoing “not monitored
for long time” and “risk that occurs as a result of not being
monitored for long time™ are caution information.
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Each prionty level in FIG. 4 may be a value weighted by
a weight (coetlicient) corresponding to situation informa-
tion. For example, “occurrence of accident of own vehicle”
1s a situation that immediately requires monitoring by the
monitor and 1s assigned a high weight, and therefore its
priority level i1s high. On the other hand, “time schedule
slippage” 1s a situation that does not require monitoring as
urgently as “occurrence of accident of own vehicle” and 1s
assigned a low weight, and therefore its priority level 1s low.
Specifically, each priority level may be set based on the
degree of request for monitoring by the monitor and the
weilght that correspond to a corresponding one of the plu-
rality of items of situation information each of which
indicates a situation of the vehicle based on the vehicle
information. The weight may be determined, for example,
according to the seriousness of an accident that can occur 1n
the situation of the corresponding situation information or
the accident occurrence rate. The accident occurrence rate 1s
the probability that an event (e.g. accident) which 1s
requested to be handled by the monitor occurs if the situation
of the vehicle “occurrence of tratlic congestion caused by
own vehicle”) 1s left unattended.

FIG. 5 1s a diagram illustrating an example of comple-
mentary value table 12 stored 1n travel DB 13 according to
this embodiment.

As 1llustrated i FIG. §, complementary value table T2 1s
a table associating complementary values and items of
situation information of a vehicle with each other. In
complementary value table T2, a plurality of items of
situation information of the vehicle are set, and a comple-
mentary value 1s set for each item of situation information of
the vehicle. The types of situation information of the vehicle
set 1n complementary value table T2 may be, for example,
the same as the types of situation information of the vehicle
set 1n priority level table T1. Each complementary value 1s
a numeric value according to the influence of not obtaining
at least part of the vehicle information and the travel
information on the determination of the monitoring priority
level. For example, when the ifluence on the monitoring
priority level 1s higher, the complementary value 1s higher.
The monitoring priority level determined based on a value
(e.g. a sum) calculated from a priornity level corresponding to
cach detected item of situation information from among the
plurality of items of situation information. The complemen-
tary value may be higher than or lower than the priority
level.

At least one of priority level table T1 and complementary
value table T2 may include prionty levels or complementary
values for external environments. Take priority level table
T1 as an example. Priority level table T1 may further include
cach external environment and a priority level associated
with the external environment. The external environment
includes at least one of traflic congestion information,
weather information, accident history information, road sur-
face situation, and road width information of a road on
which the vehicle 1s running. The trathic congestion infor-
mation includes the number of other vehicles running on the
running route of the vehicle. The weather information
includes clouds, rain, and snow. The road surface state
includes wet, and 1cy. The external environment 1s detected,
for example, from sensing data, image data, map informa-
tion, and the like.

Referring back to FIG. 3, travel manager 14 1s a process-
ing unit that manages travel of each of vehicles M1, etc.
Travel manager 14 obtains information such as a travel plan
of each of vehicles M1, etc. from travel DB 13, and transmits
istruction information including a moving route of the
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vehicle to the vehicle M1. Travel manager 14 also deter-
mines travel information including mnformation of how long
the travel of the vehicle 1s delayed with respect to the travel
plan.

Recommender 15 1s a processing unit that generates
information for recommending a vehicle as a monitoring
target of the monitor to the monitor. Recommender 135
obtains, from vehicle manager 12, the vehicle mnformation
transmitted by each of vehicles M1, etc., and obtains, from
travel manager 14, the travel mformation relating to the
travel of the vehicle. Recommender 15 then generates rec-
ommendation information for recommending a vehicle as a
monitoring target of the monitor to the monaitor, based on the
obtained vehicle mformation and travel information. The
recommendation information includes information speciiy-
ing the vehicle that 1s subjected to recommendation for
monitoring. For example, the recommendation information
1s represented by a monitoring priority level indicating the
degree to which the vehicle 1s to be preferentially monitored
as compared with the other vehicles. The recommendation
information may be a monitoring recommendation level
indicating the degree to which the vehicle 1s recommended
as the monitoring target. Recommender 15 determines the
monitoring priority level based on at least the vehicle
information.

In the case where there 1s no vehicle as the momitoring
target of the monitor (e.g. there 1s no vehicle whose moni-
toring priority level 1s higher than or equal to a predeter-
mined threshold), recommender 15 may generate informa-
tion indicating that no monitoring 1s requested. The
information indicating that no monitoring i1s requested 1is
included 1n the recommendation information. Recommender
15 1s an example of a determiner.

Receiver 16 1s a processing unit that receives operation
information indicating input operation by the monitor mput
to mput device 20. For example, the operation information
includes monitoring target switching operation.

Monitoring controller 17 1s a processing unit that deter-
mines a vehicle as a monitoring target. Monitoring controller
17 determines the vehicle as the monitoring target based on
the recommendation information generated by recom-
mender 15 and the operation information received by
receiver 16, and generates monitoring information indicat-
ing the vehicle as the monitoring target. Monitoring con-
troller 17 provides the generated monitoring information to
video manager 18.

The monitoring information generated by monitoring
controller 17 includes information specitying the vehicle as
the monitoring target. The monitoring information may also
include information indicating the reason why the vehicle 1s
determined as the monitoring target. The monitoring infor-
mation 1ncludes, for example, information indicating which
of the plurality of 1tems of situation information in FIG. 4 1s
detected. The monitoring information may further include
the monitoring priority level.

Monitoring controller 17 has an automatic update mode
and a manual update mode, as operation modes for deter-
mination of a monitoring target vehicle. The automatic
update mode 1s a mode of determiming the monitoring target
vehicle according to the recommendation information and
generating the monitoring information regardless of whether
the operation information 1s received or the contents of the
received operation mformation. The manual update mode 1s
a mode of determining the momitoring target vehicle accord-
ing to the operation information and generating the moni-
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toring information regardless of whether there 1s recommen-
dation information or the contents of the recommendation
information.

Video manager 18 1s a processing unit that manages video
to be displayed on display device 30. Video manager 18
generates presentation information including image data
relating to the video to be displayed on display device 30,
and outputs the presentation information to display device
30. Video manager 18 obtains the monitoring information
from monitoring controller 17, and, i1n the case where the
monitoring information includes the information specifying,
the vehicle as the monitoring target, includes, 1n the presen-
tation information, image data which communicator 11 has
received from the monitoring target vehicle. Video manager
18 1s an example of a presentation controller that generates
presentation information and causes display device 30 to
output the generated presentation information.

Specifically, the presentation information may include
information indicating the vehicle as the monitoring target
indicated 1n the monitoring information. In the case where
the monitoring information includes information indicating,
one or more vehicles that can be the momitoring target, the
presentation information may include the monitoring prior-
ity level of each of the one or more vehicles included in the
monitoring information. In the case where the monitoring,
information includes imformation indicating a monitoring
direction, the presentation information may include a cap-
tured 1mage of the monitoring direction included in the
monitoring information. In the case where there 1s no vehicle
as the monitoring target of the momtor, the presentation
information may include information indicating that no
monitoring 1s requested.

Examples of the presentation information generated by
video manager 18, 1.e. displayed by display device 30, will
be described below.

FIG. 6 1s an explanatory diagram illustrating a first
example of presentation information according to this
embodiment. FIG. 6 illustrates an example 1n which moni-
toring priority levels are presented as presentation informa-
tion.

As 1llustrated i FIG. 6, image 32 displayed by display
device 30 includes image 34 indicating the monitoring
priority level of each of vehicles M1, etc. That 1s, video
manager 18 causes display device 30 to present image 32 in
which vehicles M1, etc. are associated with their monitoring
priority levels. The monitoring priornity levels are each
information indicating the degree by which the vehicle 1s to
be preferentially monitored. For example, the monitoring
priority levels are expressed in three levels of A (lugh), B
(medium), and C (low). For example, the monitoring prior-
ity level of vehicle M1 1s A, and the monitoring priority level
of vehicle M2 1s B. Image 32 includes image 33 of each of
respective buttons for starting monitoring of vehicles M1,
ctc. The monitoring priority levels may be numeric values.
For example, the monitoring priority levels may each be a
value obtained by adding together the priority levels corre-
sponding to the detected 1tems of situation information from
among the plurality of items of situation information. An
initial value, of each monitoring priority level may be a
predetermined value (e.g. 0). The 1mitial value of the moni-
toring priority level means that there 1s no situation that
requires 1mmediate or future monitoring.

The presentation information 1s, for example, information
for monitoring vehicle M1 or the like specified according to
the respective monitoring priority levels of the plurality of
vehicles M1, etc. The presentation information may include
information for preferentially presenting a vehicle whose
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monitoring priority level 1s high. The presentation informa-
tion may include information for presenting respective 1tems
of information indicating the plurality of vehicles M1, etc. 1n
order of their monitoring priority levels. The presentation
information may include information for presenting respec-
tive 1items ol information for monitoring vehicles specified
according to their monitoring priority levels from among the
plurality of vehicles M1, etc., 1n order of the monitoring
priority levels of the plurality of specified vehicles. The
presentation information may include information for pre-
senting 1nformation indicating each vehicle specified
according to the monitoring priority level from among the
plurality of vehicles M1, etc. and the monitoring priority
level of the specified vehicle 1n association with each other.
The presentation information may include in for displaying
the vehicles 1n descending order of monitoring priority level
or in ascending order of momitoring priority level. FIG. 6
illustrates an example 1n which the vehicles are displayed 1n
descending order ol monitoring priority level.

The presentation information may include information for
presenting information (an example of first information) for
monitoring a vehicle specified according to the monitoring
priority level from among the plurality of vehicles M1, etc.
with more emphasis than information (an example of second
information) for monitoring the vehicles other than the
specified vehicle. For example, the presentation information
may 1include information (hereafter also referred to as
“emphasis 1nformation™) for presenting information (an
example of first information) indicating a vehicle having the
highest monitoring priority level or a monitoring priority
level higher than the threshold with more emphasis than
information (an example of second information) indicating
the other vehicles. For example, the presentation informa-
tion may include information for presenting, from among
button 1mages 33, button 1image 33 corresponding to vehicle
M1 whose monitoring priority level 1s high in a form
different from button images 33 corresponding to the other
vehicles.

FIG. 7 1s an explanatory diagram illustrating a second
example of presentation information according to this
embodiment. FIG. 7 illustrates an example 1n which image
data obtained from vehicles M1, etc. are presented as
presentation mformation.

As 1illustrated 1in FIG. 7, image 32q displayed by display
device 30 includes images 35 to 37 respectively for vehicles
M1, etc. For example, image 35 1s an image based on image
data captured by one or more cameras 1 vehicle M1 (an
example of an attention vehicle) whose monitoring priority
level 1s high. Likewise, images 36 and 37 are each an image
based on 1mage data captured by one or more cameras 1n a
vehicle (an example of other vehicle), such as vehicle M2,
etc., whose monitoring priority level 1s lower than that of
vehicle M1. Thus, the presentation information may include,
as emphasis information, information for displaying image
35 of vehicle M1 whose monitoring priority level 1s high m
a larger area than each of images 36 and 37 of vehicle M2,
etc. whose monitoring priority levels are lower than that of
vehicle M1. Image 35 1s an example of a first image included
in {irst information, and images 36 and 37 are each an
example of a second 1mage included 1n second information.

Image 32a may include an image of each of respective
buttons (see button images 33 illustrated 1n FIG. 6) for
starting monitoring of vehicles M1, etc.

The monitor visually recognizes 1image 32 or 32a, selects
a vehicle as a monitoring target, and operates button image
33 corresponding to the selected vehicle. This operation 1s
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received by mput device 20, and operation information
indicating the operation 1s received by receiver 16.

FIGS. 6 and 7 1llustrate examples 1n which images for the
monitor selecting a vehicle as a monitoring target are
displayed on display device 30, 1.e. presentation information
includes information for the momitor to select a monitoring
target vehicle. Examples 1n which presentation information
1s information for displaying an image of a vehicle that 1s a
monitoring target of the monitor will be described below.

FIG. 8 1s an explanatory diagram illustrating a third
example of presentation information according to this
embodiment. FIG. 8 illustrates an example in which an
image based on image data obtained from vehicle M1 1s
presented as presentation information.

As 1llustrated 1 FIG. 8, image 38 displayed by display
device 30 1s an image of vehicle M1 whose monitoring
priority level 1s high (e.g. highest). Thus, the presentation
information mcludes information for monitoring vehicle M1
having the highest monitoring priority level or a monitoring,
priority level higher than the threshold from among the
plurality of vehicles M1, etc. The presentation information
includes 1mage 38 (see FIG. 8) captured by vehicle M1
having the highest monitoring priority level or a monitoring,
priority level higher than the threshold from among the
plurality of vehicles M1, etc., or an 1image showing vehicle
M1. In other words, the presentation mmformation may
include, for example, information for switching an 1mage
displayed on display device 30 to image 38 captured by
vehicle M1 or an 1image showing the vehicle. Thus, the work
of the monaitor to select a monitoring target can be omitted,
so that the monitoring load on the monitor can be further
reduced.

FIG. 9 1s an explanatory diagram illustrating a fourth
example of presentation information according to this
embodiment. FIG. 9 illustrates an example 1n which a reason
tfor selecting vehicle M1 i1s presented 1n 1image 38 1llustrated
in FIG. 8. That 1s, the presentation information includes
information indicating the contribution of at least one of the
plurality of 1items of situation information to the monitoring,
priority level.

As 1llustrated i FIG. 9, image 38 displayed by display
device 30 includes 1mage 39 indicating a reason for deter-
mimng vehicle M1 as the monitoring target. Image 39 1s
included 1n information indicating contribution. The image
in FIG. 9 indicates that “sudden start” contributes most to
the determination of vehicle M1 as the monitoring target
image 39 1s included 1n information mdicating contribution.
A prionty level corresponding to “sudden start” may be
superimposed on 1mage 38. In the case where situation
information other than ‘“sudden start” 1s detected, the
detected situation information may be presented in a state of
being superimposed on 1mage 38.

In the case where there 1s no vehicle whose monitoring,
priority level 1s higher than or equal to the predetermined
threshold (e.g. in the case where there 1s no monitoring
target vehicle), presentation imformation indicating that no
monitoring 1s requested may be presented. For example,
information indicating that there 1s no monitoring target,
information urging to take a break from monitoring work, or
information urging to do work other than monitoring work
may be presented as presentation information. FIG. 10 1s an
explanatory diagram illustrating a fifth example of presen-
tation information according to this embodiment. Specifi-
cally, FIG. 10 1illustrates an example in which image 38
including image 40 indicating that there 1s no monitoring
target as the information indicating that no monitoring 1s
requested 1s displayed.
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The time during which there 1s no vehicle whose moni-
toring priority level 1s higher than or equal to the predeter-
mined threshold, 1.e. the time during which no monitoring 1s
requested, may be recorded, and statistical information of
the time during which no monitoring 1s requested may be
presented. For example, statistical information such as a
mean value, a median value, or a mode value of the time
during which no monitoring 1s requested or 1ts distribution
in a specific period such as a day, a week, or a month may
be presented. A process of recording the time during which
no monitoring 1s requested 1s performed, for example, by
monitoring controller 17. The statistical information may be
included in the monitoring information.

From the statistical information of the time during which
no monitoring 1s requested, a suggestion for a period away
from monitoring work, such as a break, may be presented.
For example, information urging to take a break 1n a time of
day in which the time during which no monitoring 1is
requested 1s statistically long may be presented. A process of
suggesting a period away from monitoring work, such as a
break, 1s performed, for example, by monitoring controller
17. The suggestion (e.g. information urging to take a break)
may be included 1n the monitoring information.

FIG. 11 1s an explanatory diagram illustrating a sixth
example of presentation information according to this
embodiment. Specifically, FIG. 11 illustrates an example 1n
which image 38 including 1image 41 indicating, as the time
during which no monitoring is requested and the information
urging to take a break, a mean value of the time during
which no monitoring 1s requested and a suggestion to take a
break 1s displayed.

Operation of Monitoring System

A process by monitoring system 1 having the structure
described above will be described below.

FIG. 12 1s a sequence diagram 1llustrating a process by
monitoring system 1 according to this embodiment. The
sequence diagram in FIG. 12 illustrates flow of processing,
for determining a recommended monitoring target using
vehicle information. Although vehicle M1 1s used as an
example of vehicles M1, etc. in FIG. 12, the same process
1s performed for ether vehicles M2 to MN.

As 1llustrated 1n FIG. 12, 1n Step S101, travel manager 14
in server device 10 sets a moving route of vehicle M1 based
on a travel plan of vehicle M1 stored in travel DB 13. Travel
manager 14 then transmits instruction information mncluding
the set moving route to vehicle M1. For other vehicles M2
to MN, travel manager 14 equally sets a moving route and
transmits istruction iformation.

In Step S121, vehicle M1 recerves the mstruction infor-
mation transmitted by travel manager 14 in Step S101.
Vehicle M1 runs according to the moving route set by travel
manager 14, based on the received instruction information.

In Step S122, vehicle M1 obtains vehicle information (1.e.
sensing data and image data) indicating position, speed,
acceleration, steering angle, etc. during running.

In Step S123, vehicle M1 transmits the vehicle informa-
tion (1.¢. sensing data and 1image data) obtained in Step S122,
to server device 10. After Step S123, vehicle M1 also obtains
vehicle information (i.e. sensing data and 1mage data) indi-
cating position, speed, acceleration, steering angle, etc.,
during runming and transmits the vehicle information to
server device 10.

The processes 1n Step S121 to S123 are equally performed
for other vehicles M2 to M.
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In Step S102, communicator 11 1n server device 10
receives the vehicle information (1.e. sensing data and 1image
data) including the vehicle information transmitted by each
of vehicles M1, etc. 1n Step S123. Communicator 11 pro-
vides the received vehicle 1n (1.e. sensing data and image
data) to vehicle manager 12. In Step S102, communicator 11
obtains the vehicle information (i.e. sensing data and image
data) that 1s obtained a vehicle which can be a monitoring
target of the monitor and indicates at least one of the running,
state and external state of the vehicle, through communica-
tion.

In Step S103, travel manager 14 in server device 10
determines whether the position information included 1n the
vehicle information recerved 1 Step S102 conforms to the
travel plan, and generates travel information indicating the
determination result.

In Step S104, recommender 15 determines a monitoring,
priority level for each of the plurality of vehicles M1, eftc.
Specifically, recommender 15 obtains, from vehicle man-
ager 12, the vehicle information received by communicator
11 1 Step S102, and obtains the travel information gener-
ated by travel manager 14 1n Step S103. Recommender 135
then determines the monitoring priority level of the vehicle
according to the degree of request for monitoring the vehicle
by the monitor based on the obtained vehicle information
and travel information. Specifically, recommender 15 deter-
mines the monitoring priority level based on the obtained
vehicle information and travel information and a table (e.g.
priority level table T1) stored 1n travel DB 13.

In Step S105, recommender 15 determines a recommen-
dation target vehicle that 1s requested to be monitored by the
monitor, based on the momitoring priority level determined
in Step S104. Specifically, recommender 15 may determine
a vehicle having the highest monitoring priority level or a
monitoring priority level higher than or equal to the prede-
termined threshold from among the plurality of vehicles M1,
etc., as the recommendation target vehicle. The number of
recommendation target vehicles determined 1n Step S106 1s
not limited to one, and may be two or more. That 1s, 1n Step
S105, recommender 15 may determine two or more vehicles
from among the plurality of vehicles M1 etc., as recommen-
dation target vehicles. For example, recommender 15 may
determine one or more vehicles M1 whose monitoring
priority levels are higher than or equal to the predetermined
value, as recommendation target vehicles. From the perspec-
tive of reducing the monitoring load on the momnitor, how-
ever, the number of recommendation target vehicles deter-
mined 1n Step S1035 1s desirably smaller, and may be, for
example, one.

In Step S105, recommender 15 may determine that there
1s no recommendation target vehicle that 1s requested to be
monitored by the monitor, based on the monitoring priority
level determined in Step S104. For example, 1n the case
where there 1s no vehicle whose monitoring priority level 1s
higher than or equal to the predetermined threshold from
among the plurality of vehicles M1, etc., recommender 15
may determine that there 1s no recommendation target
vehicle that 1s requested to be monitored by the monitor.
That 1s, 1 Step S105, recommender 15 may determine
whether there 1s a recommendation target vehicle that 1s
requested to be monitored by the monitor, based on the
monitoring priority level determined 1 Step S104.

Recommender 15 then provides recommendation infor-
mation including information specifying the recommenda-
tion target vehicle or information indicating that there 1s no
recommendation target vehicle, to monitoring controller 17.
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In Step S141, mput device 20 receives operation for
switching a monitoring target by the monitor. This operation
may be operation based on determination as a result of the
monitor visually recognizing information displayed on dis-
play device 31 and examining which vehicle 1s to be a
monitoring target. Input device 20 transmits operation nfor-
mation indicating the received operation, to server device
10. The operation information includes information indicat-
ing which of vehicles M1, etc. the monitor has switched the
monitoring target to. In the case where operation by the
monitor has not been performed, mput device 20 may
transmit, to server device 10, operation information ndicat-
ing that there 1s no operation, or transmit no operation
information.

In Step S106, recerver 16 1n server device 10 receives the
operation information transmitted by input device 20 1n Step
S141.

In Step S107, monitoring controller 17 determines a
monitoring target of the monitor, and generates monitoring
information for specitying the monitoring target. Here,
monitoring controller 17 determines the monitoring target,
based on the recommendation information provided by
recommender 15 1n Step S103 and the operation information
received by receiver 16. Monitoring controller 17 provides
the generated monitoring information to video manager 18.

In the case where monitoring controller 17 obtains rec-
ommendation information including immformation that there
1s no recommendation target vehicle, 1n Step S107, moni-
toring controller 17 may generate monitoring information
including at least one of: information indicating that no
monitoring 1s requested; statistical imnformation of the time
during which no monitoring is requested; and a suggestion
for a period away from monitoring work, and provide the
monitoring information to video manager 18. Monitoring
controller 17 may, for example, record the time from when
the recommendation information indicating that there 1s no
recommendation target vehicle 1s obtained to when recom-
mendation information including information specitying a
recommendation target vehicle 1s first obtained, as the time
during which no monitoring 1s requested.

In Step S108, video manager 18 generates presentation
information for presentation to the monitor, based on the
monitoring iformation provided from monitoring controller
17 1n Step S107.

In Step S109, video manager 18 transmits the presentation
information generated in Step S108 to display device 30. In
detail, in Steps S108 and S109, video manager 18 generates
presentation information for monitoring a vehicle based on
the monitoring priority level, and transmits the generated
presentation information to display device 30.

In Step S131, display device 30 receives the presentation
information transmitted by momitoring controller 17 in Step
S109, and displays information relating to a monitoring
target vehicle based on the presentation information. In
detail, video manager 18 causes display device 30 to output
the presentation information, by transmitting the presenta-
tion information to display device 30.

In the case where the current operation mode of moni-
toring controller 17 1s the manual update mode, the pro-
cesses 1 Steps S106 and S141 may be omitted.

FIG. 13 1s a flowchart illustrating a process by recom-
mender 15 according to this embodiment. FIG. 13 illustrates
the details of the process i Step S104 1 FIG. 12.

In Step S201, recommender 15 obtains the vehicle infor-
mation and the travel mformation. Specifically, recom-
mender 15 obtains the vehicle mformation from vehicle
manager 12, and obtains the travel information relating to




US 11,869,279 B2

21

the travel of each of vehicles M1, etc. from travel manager
14. Recommender 135 obtains at least the vehicle information
in Step S201.

In Step S202, recommender 15 determines the monitoring,
priority level of the vehicle based on the vehicle information
and the travel mformation of the vehicle. Specifically, rec-
ommender 15 determines the monitoring priority level based
on the vehicle information and the travel 1n of the vehicle
and prionity level table T1. In detail, recommender 135
determines the degree of request for momitoring the vehicle
by the monitor, based on the vehicle information and the
travel 1information. Recommender 15 determines, as the
degree of request for monitoring, a priority level correspond-
ing to an item of situation information detected from among
the plurality of items of situation information 1n priority
level table T1.

For example, when recommender 15 determines that an
accident occurs 1n the vehicle from the running state, camera
images, acceleration, and the like, recommender 15 detects
“occurrence of accident of own vehicle”, and determines the
priority level of the vehicle as “23”. When recommender 15
obtains a call from an occupant of the vehicle, recommender
15 detects “occurrence of call”, and determines the priority
level of the vehicle as “18”. When recommender 15 deter-
mines that the vehicle 1s located near a railroad crossing
from the position immformation of the vehicle and the map
information, recommender 15 detects “‘railroad crossing”,
and determines the priority level of the vehicle as “4”.

In the case where each priority level 1n priority level table
T1 1s not a weighted value, 1n Step S202, the degree of
request for monitoring by the monitor may be determined
using weights. For example, the degree of request for
monitoring by the monitor may be determined by multiply-
ing the priority level corresponding to the situation infor-
mation by a weight corresponding to the situation informa-
tion. That 1s, the degree of request for monitoring by the
monitor may be determined through computation. In this
case, the weight 1s a value set beforehand.

The weights corresponding to the plurality of items of
situation information may each be determined as appropriate
according to, for example, the situation of the vehicle or the
surroundings of the vehicle. Each weight may be determined
according to information other than the situation information
corresponding to the weight. An example of the other
information 1s such information (e.g. the number of objects
around the vehicle included 1n the vehicle information) that
causes a change in the degree of request for momitoring by
the monitor for the situation mmformation (e.g. “pedestrian
crossing”’) corresponding to the weight. That 1s, the other
information 1s information that influences the degree of
request for monitoring by the monitor in the situation
information.

For example, for the situation information “pedestrian
crossing” (an example of first situation information), the
degree of request for monitoring by the monitor changes
according to the number of objects around the vehicle (1.e.
the number of surrounding objects). For example, when the
number of surrounding objects (e.g. the number of persons)
1s larger, the running risk of the vehicle i1s higher (e.g. the
accident occurrence rate 1s higher), and therefore the degree
of request for monitoring by the momtor 1s higher. Hence,
recommender 15 may assign a larger weight to “pedestrian
crossing”’ when the number of surrounding objects 1s larger.
The other information 1s not limited to the number of
surrounding objects included 1n the vehicle information, and
may be situation information (an example of second situa-
tion information, such as “sudden start”) other than the
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situation information from among the plurality of items of
situation information, the travel information, or a combina-
tion thereol. For example, 1n the case where a vehicle
stopped near a pedestrian crossing starts to move, “sudden
start” 1ncreases the running risk of the vehicle at the pedes-
trian crossing, and therefore the degree of request for
monitoring by the momnitor 1s higher. Hence, recommender
15 may assign a larger weight to “pedestrian crossing’” in the
case of “sudden start” than in the case of not “sudden stare”.

Thus, the plurality of items of situation information
include the first situation information (e.g. “Pedestrian
crossing”’) and the second situation information (e.g. “sud-
den start”) different from the first situation information. The
weight corresponding to the first situation information may
be determined according to at least one of the second
situation information, the vehicle information, and the travel
information.

The weights corresponding to the plurality of items of
situation information may each be determined according to
the time during which the monitor 1s not responding (e.g. not
monitoring) from when the situation information 1s detected.
Take the situation information “occurrence of call” as an
example. The weight corresponding to the situation infor-
mation “occurrence of call” may be determined according to
the time (hereafter also referred to as “non-response time™)
during which the monitor 1s not responding to a call from the
occupant of the vehicle from when the call 1s obtained by
server device 10. For example, when the non-response time
for “occurrence of call” 1s longer, the running risk of the
vehicle 1s higher, and therefore the degree of request for
monitoring by the momitor 1s higher. Hence, recommender
15 may assign a larger weight to “occurrence of call” when
the non-response time for the call 1s longer.

The weights corresponding to the plurality of items of
situation information may each be determined according to
the difference from reference in the situation information.
Take the situation information “time schedule slippage”™ as
an example. The weight corresponding to the situation
information “time schedule slippage” may be determined
according to the time difference (e.g. the delay time from the
travel plan) from the travel plan (an example of reference in
situation information) set beforehand. For example, when
the time difference from the travel plan 1s greater, the
running risk of the vehicle 1s higher, and therefore the degree
of request for monitoring by the monitor 1s higher. Hence,
recommender 15 may assign a larger weight to “time sched-
ule slippage” when the time difference from the travel plan
1s greater.

As another example of determining the weight according
to the difference from the reference value in the situation
information 1s the situation mmformation “speed anomaly™
(not illustrated). The weight corresponding to the situation
information “speed anomaly” may be determined according
to the speed difference from the legal speed (an example of
reference 1n situation information) of the road on which the
vehicle 1s running. For example, when the speed difference
from the legal speed 1s greater, the running risk of the
vehicle 1s higher, and therefore the degree of request for
monitoring by the momitor 1s higher. Hence, recommender
15 may assign a larger weight to “speed anomaly™ when the
speed diflerence from the legal speed 1s greater. The legal
speed 1s obtained, for example, based on the position infor-
mation of the vehicle and the map information.

In Step S203, recommender 135 determines the monitoring,
priority level of the vehicle. Specifically, recommender 135
determines the priority level determined 1n Step S202, as the
monitoring priority level of the vehicle. In the case where a
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plurality of items of situation information are detected for
one vehicle 1n Step S202, 1.e. a plurality of priority levels are
determined for one vehicle, recommender 15 may calculate
the monitoring priority level by performing predetermined
computation on the plurality of prionty levels. One moni-
toring priority level 1s determined for one vehicle. The
computation includes at least one of addition, subtraction,
multiplication, and division. For example, recommender 15
adds the plurality of priority levels together, to determine the
monitoring priority level of the vehicle.

As described above, the monitoring priority level of each
of vehicles M1, etc. 1s determined based on at least the
vehicle information. The process in FI1G. 13 1s performed for
cach of the plurality of vehicles M1, etc.

A process by recommender 15 in the case where at least
part of the vehicle information and the travel information
cannot be obtained described below, with reference to FIGS.
14A and 14B. FIGS. 14A and 14B illustrate the case where
at least part of the vehicle information cannot be obtained.

FIG. 14A 1s a flowchart illustrating an example of a
process by recommender 15 according to this embodiment
in the case where at least part of the vehicle information of
the vehicle cannot be obtaimned. FIG. 14B 1s a flowchart
illustrating another example of a process by recommender
15 according to this embodiment in the case where at least
part of the vehicle information of the vehicle cannot be
obtained. The process in each of FIGS. 14A and 14B 1s a
process performed between Steps S201 and S202 1n FIG. 13.

As 1llustrated 1n FIG. 14 A, 1n Step S301, recommender 15
determines whether part of the vehicle information from the
vehicle 1s missing. That 1s, recommender 15 determines
whether part of the vehicle information of the vehicle cannot
be obtained. Examples of the case where part of the vehicle
information cannot be obtaimned include the case where
predetermined information (e.g. speed information) in the
vehicle information cannot be obtained and the case where
the information included 1n the obtained vehicle information
differs between a plurality of vehicles.

In the case where recommender 15 determines that part of
the vehicle information 1s missing (Step S301: Yes), the
process advances to Step S302. Otherwise (Step S301: No),

the process 1n the case where part of the vehicle information
1s missing ends. That 1s, recommender 15 performs the
process 1 Step S202 using the vehicle information of the
vehicle obtained 1n Step S201.

In Step S302, recommender 15 obtains the prionty level
of the situation information corresponding to the missing
vehicle information from complementary value table T2.
Specifically, recommender 15 reads, from complementary
value table T2 1n FIG. 5, the complementary value corre-
sponding to the situation of the vehicle based on the vehicle
information that cannot be obtained, and determines the read
complementary value as the priority level corresponding to
the situation information. The complementary value 1s deter-
mined based on the influence of not obtaining at least part of
the vehicle information on the determination of the moni-
toring priority level. For example, 1in the case where the
unobtained information i1s the position information, the
influence 1s higher when the number of items of situation
information based on the position information from among
the plurality of items of situation information 1s larger.
Therefore, for example, the complementary value of the
situation information based on the position information may
be set to be high. In the case where the unobtained infor-
mation 1s the position information, the influence i1s higher
when the priority level of the situation information based on
the position information from among the plurality of 1tems
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of situation information 1s higher. Therefore, for example,
the complementary value of the situation information based
on the position information may be set to be higher when the
priority level of the situation information 1s higher.

As 1llustrated 1n FIG. 14B, 1n Step S401, recommender 15
determines whether part of the vehicle information from the
vehicle 1s missing. That 1s, recommender 15 determines
whether part of the vehicle information of the vehicle cannot
be obtained. The process in Step S401 1s the same as that in
Step S301 1n FIG. 14A, and accordingly 1ts description 1s
omitted. In the case where recommender 135 determines that
part of the vehicle information 1s missing (Step S401: Yes),
the process advances to Step S402. Otherwise (Step S401:
No), the process in the ease where part of the vehicle
information 1s missing ends. That 1s, recommender 15 per-
forms the process 1n Step S202 using the vehicle information
of the vehicle obtained 1n Step S201.

In Step S402, recommender 15 obtains a current priority
level by performing predetermined computation on a most
recently obtained priority level. The predetermined compu-
tation may be to multiply the most recently obtained priority
level by a predetermined correction coetlicient. Travel DB
13 may store a correction coeflicient table based on the
influence caused as a result of at least part of the vehicle
information not being obtained. Recommender 15 may then
multiply the most recently obtained priority level in the
situation information based also on the at least part of the
vehicle information by the predetermined correction coet-
ficient to perform correction, thus obtaining the current
priority level of the situation imnformation.

The current prionty level 1s a prionty level determined
based on the vehicle information (an example of first vehicle
information) obtained i Step S201. The most recently
obtained priority level 1s a prionty level determined based
on the vehicle information (an example of second vehicle
information) obtained earlier than the vehicle information
obtained 1n Step S201. The vehicle information obtained
carlier 1s information including the at least part of the vehicle
information not obtained 1 Step S201. The most recently
obtained priority level may be a prionty level obtained
immediately before the current time, or a statistical value
such as a mean value, a median value, a maximum value, or
a minimum value of a plurality of priority levels obtained
most recently (e.g. most recently obtained five priority
levels)

As described above, recommender 15 complements the
degree of request for monitoring by the monitor for the at
least part, based on the second vehicle information obtained
carlier than the first vehicle information and including the at
least part and the influence of not obtaining the at least part
on the determination of the monitoring priority level. In the
case where at least part of the first vehicle information 1s not
obtained recommender 15 may determine the degree of
request for monitoring by the monitor according to the
influence of not obtaining the at least part on the determi-
nation of the monitoring priority level, based on the second
vehicle information obtained earlier than the first vehicle
information and including the at least part. Recommender 15
may, for example, determine the degree of request for
monitoring by the momitor, by complementing the first
vehicle information. For example, in the case where vehicle
speed cannot be obtained, recommender 15 may calculate
the priority level by complementing the vehicle speed by
previous vehicle speed or vehicle speed that takes into
account its change with time.

In Step S402, recommender 15 may determine the degree
of request for monitoring by the monitor according to the
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influence, based on the elapsed time from when the second
vehicle information was obtained 1n the past. Recommender
15 may, for example, convert the correction coeflicient
according to the elapsed time from when the unobtained part
of the vehicle information was most recently obtained to the
current time. For example, recommender 135 may convert the
correction coellicient to be higher (e.g. so that the priority
level will be higher) when the elapsed time 1s longer.

Travel DB 13 may store a conversion table (not illus-
trated) for converting correction coeflicients. Recommender
15 may then read the conversion table and multiply the most
recently obtained priority level by a coeflicient based on the
read conversion table, to correct the most recently obtained
priority level.

Recommender 15 may not perform the processes 1llus-
trated in FIGS. 14A and 14B.

FI1G. 15 1s a flowchart 1llustrating a process by monitoring,
controller 17 according to this embodiment. FIG. 135 1llus-
trates the details of the process 1n Step S107 1n FIG. 12.

In Step S501, monitoring controller 17 determines
whether recerver 16 receives operation information from
input device 20. In the case where monitoring controller 17
determines that operation information 1s received (Step

S501: Yes), the process advances to Step S502. Otherwise
(Step S501: No), Step S501 i1s performed again. Thus,
monitoring controller 17 1s 1n a standby state i Step S501
until operation imformation 1s received.

In Step S502, monitoring controller 17 obtains operation
by the monitor, based on the operation information recerved
by receiver 16.

In Step S503, monitoring controller 17 determines
whether monitoring target switching operation 1s performed.
In the case where momtoring controller 17 determines that
the operation 1s performed (Step S503: Yes), the process
advances to Step S3521. In the case where monitoring con-
troller 17 determines that the operation 1s not performed
(Step S503: No), the process advances to Step S504.

In Step S504, monitoring controller 17 determines
whether the current operation mode 1s the automatic update
mode. In the case where the current operation mode 1s the
automatic update mode (Step S504: Yes), the process
advances to Step S3505. Otherwise (Step S504: No), the
process advances to Step S511.

In Step S5035, momtoring controller 17 obtains the rec-
ommendation information provided from recommender 135
in Step S104.

In Step S506, monitoring controller 17 determines
whether the recommendation information includes informa-
tion specifying a recommendation target vehicle. In the case
where the recommendation immformation includes informa-
tion specilying a recommendation target vehicle (S506:
Yes), 1.e. 1n the case where recommender 15 determines that
there 1s a recommendation target vehicle, the process
advances to Step S3507. Otherwise (Step S506: No), the
process advances to Step S508.

In Step S507, momtoring controller 17 determines the
recommendation target vehicle recommended 1n the recom-
mendation imnformation, as a momtoring target vehicle.

In Step S508, monitoring controller 17 determines that
there 1s no monitoring target vehicle, based on the recom-
mendation information.

In Step S311, monitoring controller 17 determines to
maintain the current monitoring target vehicle.

In Step S521, monitoring controller 17 determines the
vehicle of the switching destination of the switching opera-
tion by the monitor, as the monitoring target vehicle.
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In Step S309, monitoring controller 17 generates moni-
toring information indicating the monitoring target, based on

the determination in Step S507, S508, S511, or S521. After
the process 1 Step S509, the series of processes 1 FIG. 15
ends. The monitoring information generated in Step S309 1s
provided to video manager 18 and used in the process in
Step S108.

Although the above describes the case where recom-
mender 15 recommends a vehicle as a monitoring target,
recommender 15 may further recommend how to monitor
the vehicle. For example, “how to momnitor the vehicle”
includes: monitoring how fast the vehicle 1s running; and 1n
which direction with respect to the vehicle monitoring 1s
performed. In this case, the recommendation information
includes not only mformation specifying the vehicle, but
also mformation specitying how to monitor the vehicle. In
the case where the monitoring information further includes
information specitying a method of monitoring the vehicle,
video manager 18 includes, 1n the presentation information,
data corresponding to the monitoring method from among
the 1image data and sensing data recerved by communicator
11 from the vehicle, to present the information to the
monitor. More specifically, in the case of recommending, as
the vehicle monitoring method, in which direction with
respect to the vehicle monitoring 1s performed, video man-
ager 18 may include, 1n the presentation information, an
image obtained by a camera in the direction of the moni-
toring target from among one or more cameras 1n the
vehicle.

Variation of Embodiment

An information processing method, etc. according to a
variation will be described below, with reference to FIG. 16.
The structure of a monitoring system according to this
variation 1s the same as that in the embodiment, and accord-
ingly 1ts description omitted.

FIG. 16 1s a sequence diagram 1llustrating a process by
monitoring system 1 according to this variation. Although
vehicles M1 and M2 are used as an example of vehicles etc.
in FIG. 16, the same process 1s performed for the other
vehicles. FIG. 16 illustrates an example 1n which server
device 10 obtains vehicle information and the like from
vehicles M1 and M2. Step S601 to S609 performed by
server device 10 are the same as Steps S101 to S109 1n FIG.
12, and their description 1s omitted. Steps S621 to S623
performed by vehicle M1 and Steps S624 to S626 performed
by vehicle M2 are the same as Steps S121 to S123 in FIG.
12, and their description 1s omitted. Step S631 performed by
display device 30 i1s the same as Step S131 1n FIG. 12, and
its description 1s omitted. Step S641 performed by nput
device 20 1s the same as Step S141 i FIG. 12, and 1ts
description 1s omitted. In the following description, 1t 1s
assumed that vehicle M1 1s determined as a monitoring
target from among vehicles M1, etc. in Step S607.

In Step S610, server device 10 transmits communication
traflic control information for controlling the communica-
tion trathic with a vehicle, to vehicle M2. That 1s, server
device 10 transmits the communication tratlic control infor-
mation to vehicle M2 not determined as the monitoring
target 1 Step S606. The communication traflic control
information 1s information for reducing the communication
traflic between vehicle M2 and server device 10.

The communication traflic between vehicle M2 and server
device 10 1s controlled according to the monitoring priority
level. The monitoring priority level of vehicle M2 1s lower
than the monitoring priority level of vehicle M1. Accord-
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ingly, server device 10 may generate the communication
traflic control information so that the communication traflic

between vehicle M2 and server device 10 will be lower than
the communication trailic between vehicle M1 and server
device 10. Server device 10 may generate the communica-
tion traflic control information so that the communication
traflic between vehicle M2 and server device 10 will be
lower after the determination of the monitoring target than
betfore the determination of the monitoring target.

In the case where vehicle M1 1s determined as the
monitoring target, the communication traflic control infor-
mation 1s transmitted to all of the plurality of vehicles M1,
etc. other than vehicle (also referred to as “other vehicles™).
The communication traflic control information transmitted
to each of the other vehicles may be determined according
to the monitoring priority level of the vehicle. Control may
be performed so that the communication traflic of a vehicle
low 1n monitoring priority level among the other vehicles
will be lower than the communication traflic of a vehicle
high 1n monitoring priority level among the other vehicles.
Thus, while reducing the communication trathic between
server device 10 and the other vehicles, more information
can be transmitted for a vehicle having a high possibility of
becoming a monitoring target hereafter from among the
other vehicles. Alternatively, server device 10 may uni-
formly reduce the communication trathic of the other
vehicles.

In Step S627, vehicle M2 receives the communication
traflic control information.

In Step S628, vehicle M2 changes the communication
trailic with server device 10 based on the received commu-
nication tratlic control information. Vehicle M2 may reduce
the communication traflic, by at least one of lowering the
image quality of image data transmitted from vehicle M2,
lowering the communication speed of transmitting image
data, and lowering the frame rate for capturing image data.
In the case where vehicle M2 includes two or more cameras
for capturing the surroundings of vehicle M2, vehicle M2
may reduce the communication traiflic by transmitting only
image data captured by a predetermined camera to server
device 10. The predetermined camera 1s, for example, a
camera that 1s determined according to the moving route of
vehicle M2 or the like and captures an 1image in the traveling,
direction of vehicle M2.

The process 1 Step S610 may be performed by any of the
structural elements 1included 1n server device 10. For
example, monitoring controller 17 or video manager 18 may
perform the process i Step S610. For example, video
manager 18 may transmit the communication traflic control
information to vehicle M2 via communicator 11 after trans-
mitting the presentation information to display device 30.

Other Embodiments

While the presently disclosed techniques have been
described by way of the foregoing embodiment and varia-
tion (hereafter also referred to as “embodiment, etc.”), the
present disclosure 1s not limited to the foregoing embodi-
ment, €lc.

For example, although the foregoing embodiment, etc.
describe an example in which a vehicle selected by opera-
tion by the monitor 1s determined as a monitoring target
vehicle with priornity over a recommendation target vehicle
of the recommender, the present disclosure 1s not limited to
this. The recommendation target may be determined as a
monitoring target vehicle with priority over the vehicle
selected by operation by the monitor. For example, the
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monitoring controller may preferentially determine the rec-
ommendation target vehicle as the monitoring target vehicle
in the case where the monitoring priority level 1s higher than
or equal to a predetermined value.

In the foregoing embodiment, etc., the recommender may
read weights corresponding to the plurality of items of
situation information from a table stored in the travel DB.
That 1s, the travel DB may store a table 1n which the accident
occurrence rate or the seriousness of an accident which can
occur 1n each 1tem of situation information 1s associated with
a weight.

Although the foregoing embodiment, etc. describe an
example 1 which the recommender determines a vehicle
having the highest monitoring priority level or a monitoring
priority level higher than or equal to the threshold as a
recommendation target vehicle, the present disclosure 1s not
limited to this. For example, the recommender may deter-
mine a vehicle for which predetermined situation informa-
tion from among the plurality of 1items of situation informa-
tion 1s detected, as a recommendation target vehicle. As an
example, a vehicle for which the situation information
“occurrence of accident of own vehicle” 1s detected may be
determined as a recommendation target vehicle.

In the foregoing embodiment, etc., in the case where there
are a plurality of monitors, the recommender may change
each priority level or priority order depending on the state of
cach monitor. Take “occurrence of accident of own vehicle”
illustrated 1n FIG. 4 as an example. Suppose monitor A
handled “occurrence of accident of own vehicle” more times
than monitor B 1n the past. In this case, monitor A can handle
“occurrence of accident of own vehicle” more smoothly than
monitor B. Hence, the prionty level of monitor A for
“occurrence of accident of own vehicle” may be higher than
that of monitor B. Thus, in the case where there are a
plurality of monitors, a monitor capable of smoothly han-
dling a situation of situation information of the vehicle can
monitor the vehicle.

In the foregoing embodiment, each priority level in the
priority level table may be determined, for example, using a
machine learning model. The recommender may obtain a
priority level for each item of situation information output as
a result of mputting the obtained vehicle mmformation and
travel information to the machine learning model as input
data, and determine recommendation information based on
the obtained priority level.

In the foregoing embodiment, etc., the vehicle informa-
tion (first vehicle imnformation) includes a plurality of types.
Each of the plurality of types of vehicle information may be
assoclated with a weight. For example, each of steering
angle and speed (an example of first vehicle information)
may be associated with a weight. The monitoring priority
level may then be determined based on the weight.

The method of communication between the devices 1n the
monitoring system according to the foregoing embodiment,
etc. 1s not limited. Communication between the devices may
be wireless communication or wire communication. Com-
munication between the devices may be a combination of
wireless communication and wire communication.

The processing units (vehicle manager, travel manager,
recommender, etc.) i the monitoring system according to
the foregoing embodiment, etc. are typically implemented as
L.SI which 1s an integrated circuit. These processing units
may be individually formed into one chip, or part or all
thereol may be included 1n one chip.

The circuit integration technique 1s not limited to LSI, and
dedicated circuits or general-purpose processors may be
used to achieve the same. A field programmable gate array
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(FPGA) which can be programmed after manufacturing the
LSI, or a reconfigurable processor where circuit cell con-
nections and settings within the LSI can be reconfigured,
may be used.

In the foregoing embodiment, etc., each of the structural
clements may be configured in the form of an exclusive
hardware product, or may be realized by executing a soft-
ware program suitable for the structural element. Each of the
structural elements may be realized by means of a program
executing unit, such as a CPU and a processor, reading and
executing the solftware program recorded on a recording
medium such as a hard disk or semiconductor memory.

The numeric values described above are mere examples to
illustrate the presently disclosed techniques in detail, and the
present disclosure 1s not limited to such.

The division of the functional blocks in each block
diagram 1s an example, and a plurality of functional blocks
may be realized as one functional block, one functional
block may be divided into a plurality of functional blocks,
or part of functions may be transierred to another functional
block. Moreover, functions of a plurality of functional
blocks having similar functions may be realized by single
hardware or software in parallel or 1n a time-sharing manner.

Although the foregoing embodiment, etc. describe the
case where the server device 1s a single device, the server
device may be implemented by a plurality of devices con-
nected to each other.

The order 1n which the steps are performed in each
flowchart 1s an example provided for specifically describing
the presently disclosed techniques, and order other than the
above may be used. Part of the steps may be performed
simultaneously (1n parallel) with other steps.

Other modifications obtained by applying various
changes conceivable by a person skilled 1in the art to the
foregoing embodiment, etc. and any combinations of the
structural elements and functions in the foregoing embodi-
ment, etc. without departing from the scope of the present
disclosure are also included 1n the present disclosure.

Although only an exemplary embodiment of the present
disclosure has been described 1n detail above, those skilled
in the art will readily appreciate that many modifications are
possible 1n the exemplary embodiment without materially
departing from the novel teachings and advantages of the
precept disclosure. Accordingly, all such modifications are
intended to be included within the scope of the present
disclosure.

INDUSTRIAL APPLICABILITY

The presently disclosed techmiques can be used for an
information processing method whereby a monitor monitors
an operated vehicle.

What 1s claimed 1s:
1. An mnformation processing method performed using a
computer, the information processing method comprising:

obtaining first vehicle information from at least one
vehicle that 1s a monitoring target of a remote monitor,
the first vehicle information indicating at least one of a
running state and an external state of the at least one
vehicle;

determining a monitoring priority level of the at least one
vehicle according to a degree of request for monitoring,
the at least one vehicle by the remote monitor, the
degree being based on the first vehicle information;

generating presentation mformation for monitoring the at
least one vehicle, based on the monitoring priority
level:; and
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causing a presentation device to output the presentation
information to the remote monitor,
the mformation processing method further comprises:
determiming whether an operation mode of the at least one
vehicle 1s an automatic update mode, and differentiat-
ing the presentation information to be generated
according to a determination result,
wherein the automatic update mode 1s an operation mode
in which the presentation nformation 1s generated
based on the monitoring prionty level,
the at least one vehicle includes a plurality of vehicles,
cach of which 1s the monitoring target of the remote
monitor, and
the monitoring priority level indicates a degree to which
a vehicle 1s to be preferentially monitored as compared
with other vehicles among the plurality of vehicles.
2. The mnformation processing method according to claim
1,
wherein the determining of the monitoring priority level
includes determining the monitoring priority level
based on the degree and a weight that correspond to
cach of a plurality of 1tems of situation information, the
plurality of items of situation information each indi-
cating a situation of the at least one vehicle based on the
first vehicle information.
3. The imnformation processing method according to claim
2,
wherein the plurality of items of situation information
include first situation information and second situation
information different from the first situation informa-
tion, and
the mformation processing method comprises:
determining a weight corresponding to the first situation
information, according to at least one of the second
situation mformation and the first vehicle information.
4. The information processing method according to claim
2,
wherein the presentation information includes informa-
tion indicating a contribution of at least one of the
plurality of items of situation information to determi-
nation of the monitoring priorty level.
5. The imnformation processing method according to claim
1, further comprising:
determiming the degree based on position information of
the at least one vehicle included in the first vehicle
information and a travel plan including a moving route
of the at least one vehicle.
6. The information processing method according to claim
1,
wherein the obtaining includes obtaining the first vehicle
information from each of the plurality of the vehicles,
and
the presentation information i1s iformation for monitor-
ing a vehicle specified according to respective moni-
toring priority levels of the plurality of the vehicles.
7. The information processing method according to claim
6,
wherein the presentation information includes informa-
tion for monitoring a vehicle having a highest moni-
toring priority level or a monitoring priority level
higher than a threshold from among the plurality of the
vehicles.
8. The information processing method according to claim
6,
wherein the presentation information includes informa-
tion for presenting first information for monitoring the
vehicle specified according to a monitoring priority
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level thereof from among the plurality of the vehicles
with more emphasis than second information for moni-
toring a vehicle other than the vehicle specified.
9. The information processing method according to claim
6,
wherein the presentation information includes informa-
tion for presenting respective items of information for
monitoring a plurality of vehicles specified, in order of
respective monitoring priority levels of the plurality of
vehicles specified.
10. The mmformation processing method according to
claim 6,
wherein the presentation information includes informa-
tion for presenting information indicating the vehicle
specified and a momitoring priority level of the vehicle
specified 1n association with each other.
11. The mformation processing method according to
claim 6,
wherein the presentation information includes an 1mage
captured by the vehicle specified or an 1image showing
the vehicle specified.
12. The mmformation processing method according to
claim 1, further comprising:
determining, when at least part of the first vehicle infor-
mation 1s not obtained, the degree according to an
influence of not obtaining the at least part of the first
vehicle information on determination of the monitoring
priority level.
13. The information processing method according to
claim 12,
wherein the determining of the degree includes determin-
ing, when the at least part of the first vehicle informa-
tion 1s not obtained, the degree according to the 1ntlu-
ence ol not obtaining the at least part of the first vehicle
information on the determination of the monitoring
priority level, based on second vehicle information that
1s obtained earlier than the first vehicle information and
includes the at least part.
14. The mmformation processing method according to
claim 13,
wherein the determining of the degree includes determin-
ing the degree according to the influence, based on an
clapsed time from obtainment of the second vehicle
information.
15. The mmformation processing method according to
claim 1,
wherein the obtaining includes obtaiming the first vehicle
information through communication with the vehicle,
and
the information processing method further comprises:
controlling communication tratlic of the communication
according to the monitoring priority level.
16. An information processing system, comprising:
a non-transitory memory configured to store a program;
and
a hardware processor configured to execute the program
and control the information processing system to:
obtain vehicle information from at least one vehicle that
1s a monitoring target of a remote monitor, the vehicle
information indicating at least one of a running state
and an external state of the at least one vehicle;
determine a monitoring priority level of the at least one
vehicle according to a degree of request for monitoring,
the at least one vehicle by the remote monitor, the
degree being based on the vehicle information; and
generate presentation mformation for monitoring the at
least one vehicle based on the monitoring priority level,
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and cause a presentation device to output the presen-
tation information to the remote monitor,
wherein the hardware processor 1s further configured to
execute the program and control the information pro-
cessing system to:
determine whether an operation mode of the at least one
vehicle 1s an automatic update mode, and differentiat-
ing the presentation information to be generated
according to a determination result, and
wherein the automatic update mode 1s an operation mode
in which the presentation information 1s generated
based on the monitoring priorty level,
the at least one vehicle includes a plurality of vehicles,
cach of which 1s the monitoring target of the remote
monitor, and
the monitoring priority level indicates a degree to which
a vehicle 1s to be preferentially monitored as compared
with other vehicles among the plurality of vehicles.
17. The information processing method according to
claim 6.
wherein the presentation information 1s information for
monitoring only a vehicle having a monitoring priority
level higher than a threshold from among the plurality
of the vehicles.
18. The information processing method according to
claim 1,
wherein the determining of whether the operation mode of
the vehicle 1s the automatic update mode 1s performed
only when operation information indicating an input
operation by the remote monitor does not include an
operation for switching a monitoring target.
19. An information processing method performed using a
computer, the mformation processing method comprising:
obtaining first vehicle information from a vehicle that 1s
a monitoring target of a remote monitor, the first
vehicle information 1ndicating at least one of a running
state and an external state of the vehicle;
determining a monitoring priority level of the vehicle
according to a degree of request for monitoring the
vehicle by the remote monitor, the degree being based
on the first vehicle information;
generating presentation information for monitoring the
vehicle, based on the monitoring priority level; and
causing a presentation device to output the presentation
information to the remote monitor,
the mformation processing method further comprises:
determining whether an operation mode of the vehicle 1s
an automatic update mode, and differentiating the pre-
sentation mformation to be generated according to a
determination result,
wherein the automatic update mode 1s an operation mode
in which the presentation information 1s generated
based on the monitoring priorty level,
when 1t 1s determined that the operation mode of the
vehicle 1s the automatic update mode, generating the
presentation information for the remote monitor to
monitor only one or more vehicles from among the
plurality of the vehicles, the one or more vehicles being
specified based on respective monitoring priority levels
of the plurality of the vehicles, and
when 1t 1s determined that the operation mode of the
vehicle 1s not the automatic update mode, generating
the presentation information for continuing monitoring
of one or more vehicles which are being monitored
from among the plurality of the vehicles.
20. The information processing method according to
claim 19, further comprising:




US 11,869,279 B2
33

when 1t 1s determined that the operation mode of the
vehicle 1s not the automatic update mode, presenting
information indicating that the one or more vehicles
specified based on the respective monitoring priority
levels are to be preferentially monitored as compared 5
with other vehicles.
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